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Abstract 
In this paper new method for voltage controlled mode of D-STATCOM will used for 
reference voltage generation while in traditional method of VCM (voltage controlled mode) 
reference voltage will taken as 1 p.u. In this new method it is possible to achieve unity power 
factor at load terminal which is not possible in traditional method. Also, loss in the new 
method will less as compare to traditional method. This is due to more current supplied by 
compensator in traditional method as compared to new method. In both the method D-
STATCOM each phase will contain three capacitor for removing high switching frequency. 
Also, it is possible to clear sag for more time as compare to traditional method. Through 
detailed simulation and experimental results, it will found that load will not affected due to 
sag & also possible to achieve UPF in new method.  
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INTRODUCTION 
In distribution system various types of power quality (PQ) problems will occur [1]. There is 
various type of technique has been there which is used for correction of these problems 
[2].With the help of D-STATCOM PQ problems such as power factor correction, voltage 
unbalance etc. D-STATCOM will operate in voltage controlled (VCM) & current controlled 
mode (CCM) modes. In voltage controlled mode (VCM) ) when the D-STATCOM is 
connected at point of common coupling then it able to regulate the voltage to the reference 
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value where it is connected to protect the loads from voltage disturbance such as swell, sag 
etc. In current controlled mode (CCM) the D-STATCOM able to make the source current be  
 
a sinusoidal independent of the load current harmonics. So that this source current in phase 
with PCC voltage. In CCM operation, D-STATCOM will not able to compensate for voltage 
disturbance. Therefore this is the major disadvantage of this mode operation of D-
STATCOM [3]. 
 
In traditional method D-STATCOM in VCM operation regulates 1.0 p.u. at point of common 
coupling [2]. In this method load can able to work in wide range of voltage [4]. Therefore it 
is not necessary to maintain 1 p.u the point of common coupling. When compensator try to 
maintain 1 p.u it compensate the voltage drop which will occur in the feeder. While doing so 
source current will increases because D-STATCOM will generate additional reactive current 
. Because of this it will drop which will occur in feeder & VSI will increases & rating of the 
VSI will also be affected. Therefore will maintaining 1 p.u compensator not able to maintain 
unity power factor. It means compensate will supply some reactive power to the source 
because of this reason UPF will not maintain. 
While in new proposed method reference terminal voltage will be obtained at point of 
common coupling when D-STATCOM operate in the voltage controlled mode [1]. With the 
help of this algorithm the unity power factor in normal operation at the load terminal is 
possible & so the combined advantage of both voltage & current mode is obtained. With the 
help of this algorithm compensator will inject current with lower value due to this loss which 
is occur in VSI will reduces. 
 
TRADITIONAL CONTROL SCHEME 
The D-STATCOM with the single equivalent circuit of D-STATCOM will shown in Fig 1. 
Which is connected at the point of common coupling (pcc). Capacitor(Cf) is used for 
removing high switching frequency component. It necessary that this capacitor (Cf) will not 
go in resonance with feeder inductance. 
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Fig1 Single equivalent circuit of D-STATCOM 
 
Vt is the terminal voltage at point where D-STATCOM will connected. Where u is the 
switching variable which have value +1 or-1 depend on state of inverter phase. The real 
power entering at PCC from the source side must be equal to the loss occur in compensator 
& load power. 
PPCC =Plavg+Ploss  `    (1) 
Above equation must be satisfied so that capacitor voltage will not continuously charges or 
discharges. The terminal voltage will varied & it will decided with the help of load angle & 
VSI ratings. Nominally it will taken as 1p.u. The two DC capacity or voltages will added & 
compare with the reference voltage. It will contain large error & capacitor voltage will 
contain large frequency component. 
 
Fig 2 Conventional control scheme 
 
to minimized  the error proportional controller (KPV) will be used. The output of this 
controller is PShref, which is amount of power which is drawn such that capacitor voltage will 
be maintained. 
Pshref = KPV ( 2Vref- (VC1+VC2 ) )    (2) 
Pshis the flow of power from compensator to bus it will be positive. But if it will negative it 
will indicate the loss in inverter. Therefore averaging of Psh will be done. 
Psh = VtaIla+VtbIlb+ VtcIlc     (3) 
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The output is pass through PI controller. The output of PI controller in the form of load 
angle. 
 δ=KPδ(Psh - Pshref )+Kiδ ∫(( Psh - Pshref ) dt    (4) 
 The output of PI controller is in the form of load angle. This load angle must belie between 0 
to 90
0
. For this gain must be chosen carefully.  
 
PROPOSED CONTROL SCHEME 
  Circuit diagram of a D-STATCOM compensate distribution system as shown in fig3. With 
the help of this it can possible to control each leg in the VSI independently [5]. 
 
Fig 3 D-STATCOM-compensated distribution system 
 
The real power entering at PCC from the source side must be equal to the loss occur in 
compensator & load power. That means equation (1) must also be satisfied in proposed 
method the power available at the PCC, which is taken from the source, depends upon the 
angle between source and PCC voltages, that means load angle. Hence load angle must be 
maintained constant to keep Ppcc constant. 
 
Fig 4 Proposed control scheme 
 
The voltage of the dc bus of D-STATCOM can be maintained at its reference value by taking 
inverter losses from the source. If the capacitor voltage is regulated to a constant reference 
value, Ppcc is a constant value. Consequently, load angle is also a constant value. It is evident 
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that dc-link voltage can be regulated by generating a suitable value of load angle. This includes 
the effect of losses in the VSI. Therefore it takes care of the term Ploss in its action. Here output 
of the PI controller is load angle is given by, 
δ =Kpδevdc + Kiδ∫(evdc) dt      (5) 
 
DESIGN  OF  VSI  PARAMETERS 
There are some parameters of VSI which are necessary to design for proper satisfactory 
operation these are- 
1)Voltage Across DC Bus(Vdc): The dc bus voltage is taken as twice the peak of the phase 
voltage of the source for satisfactory performance. Therefore, for a line voltage of 400V,the 
dc bus voltage is maintained at 650V. 
 
2) DC Capacitance (Cdc): Estimations of dc capacitors are picked in light of a time of 
droop/swell and change in dc transport voltage amid homeless people. Let the aggregate 
burden rating be S kVA. In the worst case, the load power may vary from minimum to 
maximum that is, from 0 to S kVA. The compensator needs to exchange real power during 
transient to maintain the load power demand. This transfer of real power during the transient 
will result in the deviation of capacitor voltage from its reference value. The voltage continues 
to decrease until the capacitor voltage controller comes into action. P is cycle in which 
controller come in action. 
. 
                                
22
2
dcdecrf
dc
VV
pST
C

       (6) 
hereVdcref and Vdc are the reference dc bus voltage and maximumallowed voltage during 
transients, respectively. (using p=1, S=10KVA ,Vdcref = 650V, Vdc =1.2 Vdcref  to .8 Vdcref, Cdc 
= 2600µf,T is the system total time period, pST=maximum energy givenby compensator) 
 
3)Filter Inductance(Lf): Filter inductance should provide reasonably high switching frequency 
and a sufficient rate of change of current such that VSI currents follow desire current. 
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Here hc is the  ripple in current (hc = 0.75A) ,fmax =10KHz 
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4) Capacitor (Cfc):The shunt capacitor should not resonance with feeder inductance at the 
fundamental frequency.Capacitance,at which resonanc will occur,is given as 
                          ).()(
1
2
0 s
fcr
Lw
C       (8) 
Proper operation Cfc , should be less than found at resoresonance. It will near about 5µF. 
 
PROPOSED METHOD TO GENERATE  REFERENCE TERMINAL VOLTAGE 
When reference terminal voltage is generated then advantage of both CCM & VCM obtained 
at a time. For this harmonic & reactive component of load current will injected by D-
STATCOM. ila(t),ilb(t) and ilc(t) will be 3- phase load current. It will given by generalised 
equation 
   ljn
m
n
ljnlj tnIti  

sin2
1                                                     
(9) 
Here j will represent different phases and Øljn will represent phase angle between n
th 
harmonics particular phase. Now find the positive sequence component, negative sequence 
component & zerosequence component: 
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Here, α is given by 3/2je  
After finding positive sequence componenet of load current, now find the fundamental 
component of this positive sequence component. With the help of this equation: 
.)(
2 )90(
0
1
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dteti
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(11) 
Fundamental component of this positive sequence component will conatin phase & 
magnitude term which will given as: 
  11 lalala III            (12)
 
Now to find the instantaneous fundamental positive-sequence component of load current of 
phase a, phase b & phase c including the load angle 0  for UPF at nominal operation.     
 011 2)(  
 tSinItii lalasa          
(13) 
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(15) 
In proposed method at unity power factor terminal voltage & source current both are in same 
phase. To find the reference terminal voltage which will not depend on the load angle. 
Source voltage will lag the source current by load angle. For obtaining reference terminal 
voltage two equations will be used: 
          
)(2)( 0  tVSintvsa         (16) 
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Now solving equation (16) & (17) 
 
0)(0 10
*  lasst IjXRVV       (18) 
On simplifying above equation 
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(19) 
Compare real & imaginary term on both side: 
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Square & add above two equations 
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Using equation (19), the PI controller output which come in the form of δ0, using equation 
(15) reference terminal voltage of all the three phase will calculated 
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SIMULATION AND RESULTS
 
The terminal voltage will become distorted & unbalance due to unbalance source current 
flow through the feeder as shown in fig5 
 
(a) 
 
(b) 
Fig 5 Uncompensated system waveforms 
(a)Load terminal voltage (b) source current 
 
Traditional method & proposed method compared on different condition such as nominal 
condition, sag condition. In the traditional method, the reference voltage is 1.0 p.u. where as 
in the proposed method, is used to find the reference voltage. 
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NOMINAL CONDITION 
In traditional method, terminal voltage will lag with respect to source current it means peak 
of both the waveform will not coincide. This shows that D-STATCOM will supply additional 
current to the source. When initial capacitor changes then its value will increases then after 
some time it will reach to1300V. According to it load angle will varies. As shown in Fig 6 in 
proposed method, terminal voltage & supply current will remain in the same phase. While 
peak of both the waveform will coincide with each other. Therefore unity power factor is 
possible to achieve in this method. In traditional method reactive power generated by D-
STATCOM will not equal reactive power demand by the load it means some power will 
transfer to the source. While in proposed method reactive power generated by D-STATCOM 
will equal to reactive power demand by the load it means no power will transfer to the 
source. In proposed method rms value of current supply will less as compare to traditional 
method. It means losses is less as compared to traditional method. As shown in fig 7 
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(c) 
 
(d) 
Fig 6 Traditional method (a) load terminal voltage & source current, (b) load reactive power 
(Qload), reactive power at pcc(Qpcc), compensator reactive power (QVSI), (c) voltage at dc bus, 
(d) Load angle curve. 
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(b) 
Fig 7 Proposed method (a)Terminal voltage & source current (b)load reactive power (Qload), 
reactive power at pcc (Qpcc), compensator reactive power(QVSI) in proposed method. 
 
SAG CONDITION 
There is many reason because of which sag will arises such as when sudden light will strike 
,when motors will start it will draw huge amount of current at starting & also when load 
changes etc. Most common reason for sag is fault. Due to this fault voltage will reduce 19 to 
20%. Capability of voltage regulation is not depend on the type method it will independent 
on the value of reference voltage. When sag will come then source voltage will come dip for 
some time then again come to its original position. While terminal voltage will constant it 
will not dip. While dc voltage at bus will deviate from its value for time for which sag will 
come. When sag will come then D-STATCOM will supply high value of current. Then this 
high value of current supply by D-STATCOM is independent on time duration for which sag 
will come as shown in Fig (8). Therefore it will require VSI of high current rating. As 
voltage regulation is independent on type method selected. But in traditional method 
compensator supply more current than proposed method. Therefore more losses occur in 
traditional method as shown in Fig (9)  
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(d) 
Fig 8 Proposed method with sag (a) source voltage, (b) load terminal voltage,(c) voltage at 
dc bus, (d) load angle curve. 
 
 
(a) 
 
(b) 
Fig 9 (a) Traditional method compensator rms current, (b) proposed method rms current. 
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SIMULATION PARAMETER 
Source voltage  400 rms line to line voltage, 50Hz 
Linear load Zla=30+ j62.8  
Zlb=40+j78.5  
Zlc= 50+j50.24  
 Non – Linear load   RL load Z = 50+j62.8  
 
 VSI parameters  Cdc=2600µF, Rf=1 , Lf = 22mH, Cf= 5µF 
PI gains Kp=20 Ki =12 Kpv = 10 
Transmission line parameter  Rl=10  , Lf = 1mH 
Three phase fault  Rf = 2  Transition time = 0.6 sec to 1 sec 
 
CONCLUSION 
In this paper proposed method is compared with traditional method on different conditions. 
In proposed method reference terminal voltage is maintain at PCC while in traditional 
method 1p.u will be maintain. It provide several advantage over traditional method. For 
example the loss which occur in VSI will less as compare to traditional method & it is 
possible good sag handling capacity. It is possible to achieve unity power factor which will 
not possible in the traditional method. In traditional method some amount of reactive power 
will given to source because of which source current will lead the terminal voltage because 
of which unity power factor is not to achieve in traditional method. While proposed method 
when load changes then in this method it possible to achieve fast voltage regulation as 
compared to traditional method 
REFERENCES 
1. Chandan Kumar, and Mahesh Kumar. Mishra, “A voltage controlled DSTATCOM for 
power quality improvement”, IEEE transactions on power delivery, vol 29, no-3, june 
2014,pp 1499-1507. 
2. Mahesh K. Mishra ArindamGhosh, and Avinash Joshi, “Operation of a DSTATCOM in 
voltage control mode,” IEEE Trans. Power Del., vol. 18, no. 1, pp. 258–264, Jan. 2003. 
3. Bhim Singh and Sabha Raj Arya,“Back-Propagation Control Algorithm for Power 
Quality Improvement Using DSTATCOM”,IEEE TRANSACTIONS on Industrial 
Electronics, VOL. 61, NO. 3, march 2014,pp 1204 - 1212. 
 
 
 
 
26 Page 12-26 © MAT Journals 2016. All Rights Reserved 
 
Journal of Advances in Electrical Devices  
Volume 1 Issue 3 
4. P. Mitra and G. Venayagamoorthy, “An adaptive control strategy for DSTATCOM 
applications in an electric ship power system,” IEEETrans. Power Electron., vol. 25, no. 
1, pp. 95–104, Jan. 2010. 
5. Avinash. Joshi, and H. M. Suryawanshi, “A novel method of load compensation under 
unbalanced and distorted voltages,” IEEE Trans. Power Del., vol. 22, no.1, pp. 288–295, 
Jan. 2007 
6. G.Yalienkaya, M.H.J Bollen, P.A. Crossley, “Characterization of Voltage Sags 
inIndustrialDistributionSystem”,IEEE transactions on industry applications, volume 34, 
No. 4, July/August, PP.682- 688, 1999. 
7. AElnady, M Salama. Unified approach for mitigating voltage sag and voltage flicker 
using the DSTATCOM. IEEE Trans Power Del. 2006; 20(2): 992-1000. 
8. B. Singh, P. Jayaprakash, T. Somayajulu, and D. Kothari, “Reduced rating VSC with 
azig-zag transformer for current compensation in a three-phase four-wire distribution 
system,” IEEE Trans. Power Del., vol. 24, no. 1, pp. 249–259, Jan. 2009 . 
9. ParagNijhawan, Ravinder Singh Bhatia, Dinesh Kumar Jain, “Role of DSTATCOM in a 
power system network with induction furnace load” IEEE 5th Power India Conference, 
Dec.19-22, 2012. 
10. Naresh K. Kummari, Asheesh K Singh and Pradeep Kumar, “Comparative Evaluation of 
DSTATCOM Control Algorithms for Load Compensation”, IEEE 15th International 
Conference on Harmonics and Quality of Power (ICHQP), pp:299-306, 2012. 
11. SaiKiran Kumar Sivakoti, Y. Naveen Kumar and D.Archana, “Power Quality 
Improvementi in Distribution System Using D-Statcom In Transmission Lines”, IJERA, 
ISSN: 2248-9622, Vol. 1, Issue 3, pp.748-752,2011. 
12. SaiKiran Kumar Sivakoti, Y. Naveen Kumar and D.Archana, “Power Quality 
Improvementi in Distribution System Using D-Statcom In Transmission Lines”, IJERA, 
ISSN: 2248-9622, Vol. 1, Issue 3, pp.748-752in2012.. 
13. Roger C. Dugan, Mark F.McGranaghan, Surya Santoso, and H.WayneBeaty,“Electrical 
Power Systems Quality”, The McGraw-Hill, Second Edition, 2004 
